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Abstract 
This Code of Practice provides design criteria for the construction of greenhouses, tun­
nel houses, shadehouses and other structures for which plastic films or woven fabrics 
are used as cladding materials. Requirements are given with regard to structural 
strength as well as to deformations and displacements. Directions are provided as 
regards loads which may occur in or on film greenhouses, such as self-weight, snow, 
wind, installations and crops. Material properties are given for several specific mate­
rials used for greenhouse building. 
These design criteria have been developed into recommendations for practical appli­
cations for foundations, supporting structures and claddings. 
Keywords: Plastic film, film-covered greenhouse, tunnel house, shading house, 
cladding, flexible cladding, screening material, plastic film, arch, hoop 
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Preface 
Traditionally, horticultural production in the Netherlands is mainly performed in glass­
houses, that is next to field production. In the last few years, there has been increasing 
interest in growing protected crops in greenhouses, shadehouses, shelters and tunnel 
houses with a plastic film or shading material cladding. This development may be ex­
plained by economic considerations, the wish to improve product quality, to advance 
or delay the time of harvest and to be less susceptible to the uncertainties of nature by 
protecting the crops against hail, rain, direct solar radiation and frost. As a result, 
there is a growing tendency for crops such as strawberries, nursery stock, soft fruit, cut 
flowers and vegetables to shift from outdoor production to cultivation in film green­
houses, tunnel houses, shadehouses and other shelters. 
The increase in cultivation in film-dad structures has brought about the need for this 
Code of Practice for the structural aspects of greenhouses with flexible claddings to 
improve the technical quality of film houses. Another major objective of the Code of 
Practice is to reduce the occurrence and risk of damage to an acceptably low level. 
This Code of Practice is the product of cooperation between several interested parties, 
both among research institutes, the greenhouse construction industry, and insurance 
companies. Two working groups have drafted it over two years, supervised and moni­
tored by a support group. The research needed for this Code of Practice was perfor­
med by IMAG-DLO and TNO Bouw. IMAG-DLO was in charge of the project organi­
zation and editing the Code of Practice. 
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innovations. 
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This Code of Practice represents the results of the project. We hope it will find its way 
to the interested target groups, such as growers, greenhouse construction companies, 
producers, suppliers, insurance companies as well as advisory and verifying bodies. 
Wageningen, December 1995 
Ir. A.A. Jongebreur 
Director of IMAG-DLO 
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Summary 
This Code of Practice provides design criteria for the construction of commercial pro­
duction greenhouses, tunnel houses, shadehouses and other structures for which plas­
tic films or woven fabrics are used as cladding materials. For this purpose, such green­
houses are subdivided into two categories with corresponding reference periods of 15 
and 10 years. This subdivision is important owing to the required durability of mate­
rials and the size of loads caused by e.g. wind, snow and load combinations. 
Requirements are given with regard to structural integrity (ultimate limit state) as well 
as with regard to deformations and displacements (serviceability limit state). 
The Code of Practice provides additions and modifications to the current standards 
NEN 6700 through NEN 6770 for building constructions and to standard NEN 3859 for 
greenhouses (structural requirements). 
The calculation methods presented in this Code of Practice can be applied if several 
conditions are complied with, such as with regard to the durability of steel sections 
(hot-dip galvanizing or equivalent protection required), the wall thickness of steel 
tubes and the durability of concrete for greenhouse foundations. 
Directions are provided as regards loads which may occur in or on (film) greenhouses. 
Background information is given and conditions are set for the loads, being perma­
nent loads (self-weight), snow, installations (permanently or incidentally present), crop 
(such as tomatoes, cucumbers, strawberries, pot plants), concentrated vertical loads 
and wind loads. Wind pressure coefficients are provided for a wide variety of film 
greenhouse shapes, to explain the distribution of the wind loads over the cladding. 
Attention is also paid to a specific aspect of film greenhouses, which is the transmission 
of suction and pressure forces to the greenhouse structure, as exerted by winds on a 
stretched film. Material properties are given for several currently used films. 
To facilitate the design of concrete foundations for film greenhouses, design criteria 
are provided for calculating traditional foundations with prefab concrete socles cast in 
concrete blocks. 
In the appendix, the design criteria have been developed into recommendations for 
practical applications for foundations, supporting structures and cladding. 
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1 Introduction 
The current Dutch Standard NEN 3859 "Greenhouses, Structural requirements" [1] and 
the Dutch Code of Practice NPR 3860 "Greenhouses, Recommendations for and exam­
ples of constructional performance based on NEN 3859" [2] mainly contain criteria and 
recommendations for greenhouses with glass cladding. The behaviour of film green­
houses sustaining a load differs from that of greenhouses with a rigid glass envelope, 
because films exposed to wind suction experience a different dynamic effect (the bal­
loon effect). Therefore, film greenhouses which have been designed without consider­
ing the different dynamic effects, may already suffer damage when exposed to a rela­
tively low wind load. Another cause of damage can be errors made at the execution 
phase. 
To be able to better predict the behaviour of a structure with a film cladding sustain­
ing a load, specific design criteria needed to be drafted on the basis of the knowledge 
available [3] and the results of research. By doing so, better insight is obtained into the 
dynamic effects, load transmission and the specification of film greenhouses, film tun­
nel houses and other shelters. With these criteria, a minimum design and structural 
quality is defined for such greenhouse types, so that the occurrence of damage is 
reduced to a technically and economically acceptable level and an objective assess­
ment as regards strength, rigidity and stability can be made. It is also possible to com­
pare greenhouse types better and more objectively. Finally, the knowledge obtained 
can be used as input for the international consultations within Working Group 3 of 
CEN\TC 284 'Greenhouses' [4], 
These design criteria have been formulated in the appendix to this Code of Practice to 
make recommendations for the foundation, the strength of structural members, the 
connections, the relevant properties of cladding materials, etc. 
This Code of Practice does not refer to any consequences as regards cultivation techni­
ques and business economics. Any effects caused by the cladding material on the cli­
mate and light level inside the greenhouses are not addressed, either. Regarding the 
determination and assessment of material properties of films, reference is made to the 
literature and relevant European standards. 
The Code of Practice has been set up in the same way as the 2nd edition of Dutch Stan­
dard NEN 3859 [5]. It has been adapted to the new range of structural standards NEN 
6700 [6] and the principles of the "Bouwbesluit" ((Building Resolution) [7]. 
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2 Scope 
This Code of Practice is intended to be applied to film greenhouses, film tunnel houses 
and other shelters (for definitions, see chapter 3): 
* on commercial nurseries, more specifically, areas where plants are produced; 
* built as prototypes; 
* built on premises of research institutes, experimental stations and educational 
institutions, as far as allowing access exclusively or predominantly to persons in 
charge of cultivating the plants. 
This Code of Practice refers only to film greenhouses, tunnel houses, etc. of such di­
mensions that an adult person can walk upright in them. 
Remark 
A greenhouse the use of which is changing in such a way that personal safety is being 
involved to a larger extent and/or which is used for other purposes than crop produc­
tion, will be subject to the requirements applicable to its new use. 
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3 Definitions and terminology 
greenhouse 
roof 
wall 
greenhouse 
length 
greenhouse 
width 
section length 
span width 
film greenhou­
se 
film tunnel 
house 
shelter 
shadehouse 
shading struc­
ture 
rain shelter 
twin tunnel 
house 
cladding 
material 
rigid cladding 
material 
= structure with a transparent envelope intended for the 
cultivation of crops. 
= transparent cover of a greenhouse. 
= transparant wall of a greenhouse. 
= dimension of the greenhouse in the direction of the ridge. 
= dimension of the greenhouse perpendicular to the ridge. 
= centre-to-centre distance of the rafters, stanchions or arches 
in the direction of the ridge. 
= centre-to-centre distance of the gutters in multispan houses 
or the span in monospan tunnel houses. 
= greenhouse, the shape of which may resemble that of a 
glasshouse, though the cladding materai is plastic film. 
= greenhouse of a predominantly vaulted cross-section, the 
width of which depends on the span and which does not 
contain elevated gutter profiles.. 
= a wide variety of structures, used to protect crops against 
the weather (e.g. rain, hail, frost, direct solar radiation). 
Shelters may be structures of a rectangular cross-section 
with netting above and along the sides (shadehouses / shad­
ing structures) or a type of penthouses with a vaulted (or 
pitched roofed) cross-section above crops, without side walls 
(see figures 1C and 1D), which is covered with film (rain 
shelters). 
= a structure of - mostly - rectangular cross-section, which is 
provided permanently with a cladding material on roof and 
walls, consisting of water and air-penetrant netting or shad­
ing material. 
= like a shadehouse, though with a movable netting or shad­
ing material on roof and/or walls. 
= a structure which consists of film-covered, vaulted and pit­
ched roofed spans on stanchions, without gutters and gable 
walls (also: (film) fruit shelter). 
= two adjacent film tunnel houses which are connected by an 
(elevated) gutter thus creating a single area inside. 
= transparent material mounted on the walls and roof of a 
greenhouse. These cladding materials may be both rigid and 
flexible. 
= cladding material with such a degree of rigidity that any 
deformation (sagging, etc.) of the structure may result in 
damage to it (glass and rigid plastic sheets). 
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cladding material with such a degree of flexibility that any 
deformation (sagging, etc.) of the structure will not result in 
damage to it (plastic film and flexible plastic sheets). 
gutter at an elevated level between two spans, which col­
lects and drains rainwater and snow and can usually be used 
by workers as a walkway for cleaning and repair activities. 
applying a shallow foundation directly on or in the undis­
turbed supporting soil, without making use of driven piles or 
in-situ concrete piles. 
cladding area which is not interrupted by glazing bars, etc., 
except for vents, if present. This is mostly so in film green­
houses. Losses with this type due to natural leakage, are 
minimal. 
cladding material interrupted by glazing bars and other pro­
files at regular intervals. This is mostly so in greenhouses 
with a glass envelope. Losses with this type due to natural 
leakage are larger than those with an uninterrupted clad­
ding area. 
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4 Greenhouse types and classification 
There are two main classes of greenhouses, namely: 
* class A Greenhouses provided with a rigid cladding material, e.g. glass panes or 
plastic sheets, which have been fastened to the structure in such a way 
that deformations or displacements of the structure may cause damage to 
the cladding material. To this class of greenhouses requirements apply 
both as regards ultimate limit state and serviceability limit state (deforma­
tions/displacements). 
* class B Greenhouses provided with a flexible cladding material, e.g. plastic films, 
which have been fastened to the structure in such a way that deforma­
tions or displacements of the structure do not cause damage to the clad­
ding material. To this class of greenhouses no requirements apply as re­
gards serviceability limit state (deformations/displacements) of cladding-
supporting structural members. 
This Code of Practice deals with greenhouses, tunnel houses, claddings, shelters 
etc. of class B only, which can be distinguished in two different subclasses, viz.: 
B15 - film greenhouses 
B10 - film tunnel houses, shelters and shadehouses / shading structures 
4.1 Film greenhouses 
Film greenhouses include all greenhouses, the shape and construction of which have a 
strong resemblance to glasshouses, viz. a multispan arrangement on continuous gutter 
profiles which is supported by stanchions (see figure 1 A). 
Figure 1A Example of a film greenhouse (class B15) 
The roof shape of this category can be vaulted or pitched. This greenhouse shape al­
lows for the creation of continuous growing areas, with the gutter profiles being 
mounted at such a height as to allow for a free passage to personnel below the gut­
ters. This category also includes film tunnel houses of more than two spans which are 
connected in transverse direction by gutter profiles. 
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4.2 Film tunnel houses, shelters and shadehouses / shading structures 
Film tunnel houses are greenhouses of a mainly vaulted cross-section, the width is of­
ten determined by the span. They do not contain elevated gutter profiles. The vaulted 
roof often extends to ground level so that no continuous space is created over several 
spans (see figure 1B). 
Figuur 1B Example of a film tunnel house 
(class B10) 
Entrance doors are mostly located in the gable walls. Included in this category are 
structures of two vaulted spans connected by a greenhouse gutter (twin tunnel hou­
ses). The only aspects that limit the length of these tunnel houses are the greenhouse 
layout, the ventilation facilities and the need for expansion facilities. 
Shelters and shadehouses / shading structures include a large variety of structure types 
to protect crops against the weather conditions (such as rain, hail, frost, direct solar ra­
diation). These may be structures of a rectangular cross-section covered with roof and 
wall netting or a type of penthouse of a vaulted or pitched roof cross-section over the 
crops, without film-covered walls (rain shelters/film fruit shelters) (see figures 1C and 
1D). 
Figure 1D Example of a rain shelter (class B10) 
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4.3 Classification 
NEN 6700 [6] requires that building structures comply with the requirements as re­
gards reliability and serviceability for a previously fixed reference period. When the 
reference period is chosen, the technical possibilities shall be considered. Economic 
conditions will also affect the reference period. 
In the design of class B greenhouses, two reference periods can be distinguished, being 
15 and 10 years, both belonging to safety class 1 according to NEN 6702 [8]. 
For the design of greenhouses with a flexible cladding (class B) the reference periods 
according to table 1 shall be observed as a minimum. 
Depending on the expected working life of the greenhouse and/or its structure, a lon­
ger reference period may be assumed. 
For example, a shading structure of such design and equipped with an automated dri­
ving mechanism that the minimum design working life of this structure may be assu­
med to be 15 years, can be considered a class B15 structure. 
Table 1 Greenhouse shapes with minimum reference periods and safety classes 
Class Film-covered green­ Reference period Safety class 
house/cladding (see NEN 6700) (see NEN 6702) 
B15 film greenhouses 15 years 1 
B10 film tunnel houses, 10 years 1 
shadehouses / shading 
structures / shelters 
The reference period of a greenhouse is a factor needed to establish the reliability of a 
structure/cladding, and some of the related properties are the size of the wind and 
snow loads to be observed. 
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5 Ultimate limit states 
5.1 Requirements 
The supporting capacity of structural members or rather of the greenhouse as a whole, 
established in accordance with clause 5.2 or 5.3, shall be such that the ultimate limit 
states are not exceeded under a load in accordance with clause 8.1. 
Explanation: 
The state of a structure can change in such a way that one or more functions cease to 
exist, as a result of which one or several of the requirements of reliability are no lon­
ger complied with. Each of these conditions is a limit state. It can be distinguished be­
tween: 
* ultimate limit states: failure, loss of balance, instability; 
* serviceability limit states: deformations, displacements, vibrations. 
If the structure is provided with vents in the roof or walls or with a movable shading 
screen or netting as exterior cladding, two situations will have to be investigated, na­
mely with the vents or shading screen open as well as closed. Also the users' manual, 
which the greenhouse builder has presented to the grower, may contain instructions 
about the use (e.g. in case of imminent snowfall it shall be ensured that the shading 
screen/netting is shifted open or the cladding material is removed). 
5.2 Calculation methods 
The determination methods for the various ultimate limit states are detailed in Dutch 
standards NEN 6710 [9], NEN 6720 [10], NEN 6760 [11] and NEN 6770 [12], As different 
from these standards, the design values for the loads shall be taken from clause 8.1 
and the design values for the material properties from chapter 9. The determination 
methods provided shall only be applied if the conditions of chapter 7 are complied 
with. 
Complement-
Verification of the ultimate limit state of stretched plastic films is made up of the fol­
lowing components: 
1. diagram representation, 2. loading, and 3. verification of the limit state. 
5.3 Verification methods 
As different from clause 5.2, it is allowed to perform tests to verify whether the requi­
rements as regards the ultimate limit state are complied with, provided the test results 
are interpreted professionally and the conditions of 7.2 of NEN 6700 [6] are complied 
with. 
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6 Serviceability limit states 
6.1 Requirements 
The serviceability of structural members or rather of the greenhouse as a whole, esta­
blished in accordance with clause 6.2 or 6.3, shall be such that the serviceability limit 
states (deformations, displacements and dimensional deviations) as given in chapter 11 
are not exceeded under a load in accordance with clause 8.2. 
6.2 Calculation methods 
The determination methods for the different serviceability limit states are detailed in 
Dutch standards NEN 6710 [9], NEN 6720 [10], NEN 6760 [11] and NEN 6770 [12], As 
different from these standards, the design values for the loads shall be taken from 
clause 8.2 and the design values for the material properties from chapter 9. The deter­
mination methods provided shall only be applied if the conditions of chapter 7 are 
complied with. 
6.3 Verification methods 
As different from clause 6.2, it is allowed to perform tests to verify whether the requi­
rements as regards the serviceability limit state are complied with, provided the test 
results are interpreted professionally and the conditions of 7.2 of NEN 6700 [6] are 
complied with. 
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7 Conditions 
The preservation system, the alloy, the material and the material thickness of 
film-covered greenhouses shall be selected such that the structural safety is gua­
ranteed for the reference periods stated in chapter 4. For the two greenhouse 
of types B15 and B10 these periods have been fixed at 15 and 10 years, respec­
tively. 
For steel profiles for class B15 and B10 greenhouses to be able to comply with 
this durability requirement, they may be hot-dip galvanized in accordance with 
NEN 1275, clause 3.1 [18], or otherwise be made of continuously galvanized (or 
rather Sendzimir-processed) steel profiles, provided the zinc coating weight is at 
least 275 g/m2 (on either side). Other equivalent protection methods are permit­
ted, provided their reliability has been proven in research. 
The wall thickness of steel tubes used for the supporting structure of class B15 
greenhouses shall not be less than 1,5 mm, whereas the wall thickness of steel 
profiles with an open cross-section, used for the supporting structure of the sa­
me type of greenhouse shall not be less than 2 mm. 
For concrete structures it shall be assumed that environmental class 5c according 
to clause 6.10.6 of Dutch standard NEN 5950 [13] is present. With a view to the 
limited reference periods for greenhouses (10 or 15 years) the concrete cover on 
the reinforcement or the clamps of prefab elements shall not be less than 20 mm 
and the characteristic diameter of the reinforcement shall not be less than 
6 mm, as different from NEN 6720 [10]. 
The characteristic cube strength of both in-situ concrete and prefab concrete 
shall be at least equal to strength class B15 as detailed in NEN 6720, clause 6.1 
[ 10 ] .  
The foundation need not be made frost-proof. The part of the foundation that 
transmits loads to the soil, shall be in undisturbed soil. Here, undisturbed soil is 
to be understood the soil underneath a layer of prepared earth, the thickness of 
which shall not be less than 0,4 m 
If prefab concrete foundation piles are used, the length of restraint of these 
foundation piles in the concrete block shall be at least 0,2 m. The distance from 
the bottom of the restrained concrete pile to the bottom of the concrete block 
shall be at least 80 mm (see also figure 13). 
In case of natural foundation of greenhouses it may occur that the surrounding 
soil has insufficient bearing capacity and stability to absorb the vertical and hori­
zontal loads with acceptable deformations. In such case, pile foundations are re­
quired (also for film greenhouses!). The dimensions of a pile foundation are cal­
culated on the basis of: 
1. data on the bearing capacity of the supporting soil, 
2. the amount of loads to be transmitted, and 
3. the strength of the building material used. 
The information on the soil properties can be obtained from: 
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1. experiences with other foundations in the region, 
2. soundings, and 
3. borings. 
If a flexible cladding material (such as plastic film) is used for both the roof and 
the walls, no requirements apply as to the deformations due to temperature va­
riations occurring in materials which are in direct contact with outside air or in 
materials located inside the greenhouse. For practical considerations, the green­
house structure shall be provided with expansion facilities if the greenhouse 
length exceeds 200 m, or if the greenhouse width exceeds 270 m. 
Imperfections present in the structure shall at most be equal to the permissible 
dimensional deviations as given in chapter 11. 
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8 Design values for loads / load combina­
tions 
8.1 Loads and load factors related to the ultimate limit states 
When establishing whether a ultimate limit state has been exceeded, one shall consi­
der the following load combinations: 
a. Permanent load, snow load and permanently present installation load 1); 
b. Permanent load and wind load; 
c. Permanent load, crop load, permanently present installation load and the lar­
gest of either the concentrated vertical load or the incidentally present installa­
tion load 1); 
d. Permanent load, wind load, crop load and permanently present installation load 
y. 
') Installation and / or crop loads need be taken into account only if the same are 
actually to be attached or applied in or on film greenhouses etc. or if such instal­
lations may be expected to be mounted in the future. 
The design value of a combined load is the total of the characteristic value of the loads 
involved in the combination, each one multiplied by the corresponding load factor. 
For the characteristic value of: 
permanent loads, see clause 8.3; 
snow loads, see clause 8.4; 
installation loads, see clause 8.5; 
crop loads, see clause 8.6; 
concentrated vertical loads, see clause 8.7; 
wind loads, see clause 8.8. 
Load factor for wind loads Y,;w = 1,45 
Load factor for other loads Yf = 1,20 
Load factor with reducing effect Yf.r = 1,00 
*) It shall be considered for each structural member whether a load has a reducing 
effect on the dynamic effect. 
To the various greenhouse types stated in chapter 4, the combined loads of table 2 
shall apply. 
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Table 2 Load combinations depending on greenhouse type and reference period 
Greenhouse type Reference period Load combination 
class B15 
film greenhouses 
15 years a, b, c & d 
class B10 
film tunnel houses, 
shadehouses / shading 
structures and shelters 
10 years a (if cover is present in 
winter) (see 8.4), 
b & d ;  
c: only if provided with 
centre gutters (with twin 
tunnel), (see 8.5 and 8.6) 
8.2 Loads and load factors related to the serviceability limit states 
When it is established whether a serviceability limit has been exceeded, the load com­
binations provided in clause 8.1 shall be taken into account, except for the concentra­
ted vertical load in combination c (see clause 8.1). 
Load factor for wind loads Yf W =1,20 
Load factor for other loads Yf =1,00 
Load factor with reducing effect Yf;r = 1.00 *) 
*) It shall be considered for each structural member whether a load has a reducing 
effect on the dynamic effect. 
8.3 Permanent loads 
The characteristic value of the permanent loads consists of the self-weight of the foun­
dation, the supporting structure, the walls and the roof, without the self-weight of in­
stallations, even if such installations are permanently present. To the determination of 
weights, NEN 6702, clause 7.1.1 [8] applies. 
8.4 Snow loads 
With a reference period of 50 years, the basic snow loads on the ground psn; rep 
amount to 700 N/m2, evenly distributed and projected on a horizontal plane. Snow 
accumulation need only be taken into account if the greenhouse is extended by struc­
tures of entirely different shapes and heights (e.g. a service building). For the shape 
coefficient C, applicable in case of snow accumulation, see appendix B to NEN 6702 
[8]. 
Pt ; rep = * Ci * CT * Psn . rep 
where: 
pt. rep = snow load on the roof, dependent on reference period; 
C| = shape coefficient, dependent on roof shape; 
psn. rep = snow load on the ground; 
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Cj = temperature coefficient; 
with greenhouses / tunnel houses with stretched single-skin film, 
CT = 0,515; 
with greenhouses/ tunnel houses with inflated film, CT = 0,9 ; 
HJt = reduction factor, dependent on reference period. 
Determination of (~ : 
for roof slopes of 0° < a < 30° 
(NEN 6702, appendix B [8]) 
C i  -  0 , 8  
for roof slopes of 30° < a < 60° 
C i  =  0 , 8  (  6 0  -  "  )  
2 30 
for roof slopes of a ^  60° 
C ,  =  0 , 0  
Explanation: 
The roof slope of a vaulted greenhouse type, such as that of a film tunnel house, is va­
riable (see example of the film tunnel house in figure 2, span 8 m; maximum height 
3 m). Figure 2 shows the average roof slope of a sector in degrees, with the arch being 
divided into 12 equal parts. 
Figure 2 Cross-section of a model film house with the average 
roof slopes expressed in degrees 
The snow loads on the roof psn. rep may be multiplied by a reduction factor ipt for the 
extreme value of the evenly distributed variable loads, which depend on the reference 
period, as shown in the equation: 
=  1  +  I n  (  — )  
50 a 
where: 
ifJt = reduction factor for the extreme value of the evenly distributed variable load, 
which depends on the reference period; 
Hi = factor to determine the momentary loads (for snow loads on roofs, ifJ = 0, in 
accordance with NEN 6702, clause 8.7.2.2 [8]); 
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t = reference period used to establish the reduction factor for the evenly distri­
buted loads, in years; 
£50 a = reference period of 50 years 
On the basis of the reference periods according to chapter 4, the reduction factors tf/t 
are given in table 3. 
Table 3 Reduction factors belonging to the reference periods 
Reference period V t -
15 years 0,866 
10 years 0,821 
Explanation: 
The snow load value is calculated using the methods stated to calculate the snow loads 
occurring on a greenhouse roof covered with stretched single-skin film, as shown in ta­
ble 4. 
Table 4 Snow loads psn; q . k in N/m2 to be taken into account, dependent on green­
house type and roof slope. 
Reference Roof slope Roof slope Roof slope 
period 0° < a < 30° 30° < a < 60° a ,> 60' 
15 years 250 2 5 0 - 0  0 
10 years 237 2 3 7 - 0  0 
Remark: 
If the cladding material is removed from the structure when snowfall is imminent, as is 
the usual practice with shadehouses (class B10, according to chapter 4), the structure 
of this greenhouse or shadehouse need not be designed for snow loads. In such case, 
however, a load due to accumulation of hail stones shall be taken into account, for 
which a value is to be adopted of 50 % the snow load. 
8.5 Installation loads 
8.5.1 Permanently present installations 
a. Installations for heating, shading, cooling, darkening, lighting, ventilation and 
energy saving: minimum pin ;g ;k = 70 N/m2 soil surface; 
b. Transport lines (lines fully filled with water). 
If shading installation wires and irrigation suspension wires are used, the following 
loads due to stretching the steel wires are to be taken into account: 
supporting wires, bracing wires and guide wires: Fk = 500 N per wire; 
drive wires: = 1000 N per wire; 
irrigation suspension wires: Fk = 2500 N per wire. 
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Remark: 
If wires for other purposes are used for film greenhouses, tunnel houses, shadehouses 
and shading structures, the wire stretching and loading forces exerted on the structure 
shall be taken into account These forces depend on factors including the properties of 
materials used for wires, the diameter of wires, the transverse load (exerted on the wi­
res) and the sag (see also the concluding remark to clause 8.6). 
8.5.2 Incidentally present installations 
a. Installations for transport in the greenhouse: 
concentrated vertical load caused by a transport rail, Fk = 1250 N; 
with manure transport, this load amounts to Fk = 2250 N 
(this load (or these loads) shall be taken into account at each fastening point, 
though with a maximum of one load per span); 
b. Installations for cleaning and repair work (self-weight of installation, materials 
to be transported and operating staff). 
Remark: 
These loads need be taken into account only if the installations referred to are actually 
attached to or used in film greenhouses etc., or if such installations may be expected 
to be mounted in the future. 
8.6 Crop loads 
If crops or growing benches with pot plants are suspended from the supporting struc­
ture, the characteristic variable loads provided in table 5 shall be taken into account. 
Table 5 Crop loads 
Crop (growing method) Pcrop ; q ; k 
N/m2 
tomatoes, cucumbers, peppers etc. 150 
strawberry (container culture) 300 
pot plants (per layer) 1000 
If crops are supported, e.g. by wires or netting, the calculation shall be made per point 
of fastening to the greenhouse structure, using a horizontal characteristic force of at 
least Fk = 750 N. 
Remark: 
These loads need be taken into account only if the crops referred to are actually sus­
pended from the structure of the greenhouse or shading structure or if such crops may 
be expected to be suspended in the future. 
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Remark: 
It is strongly dissuaded from retensioning crop support wires. Especially in large section 
lengths, too small a sag will result in major forces on crop support wires. The characte­
ristic horizontal tensile force per crop support wire F», if crops are suspended from 
this wire, amounts to (see also clause 8.5.1): 
F,  = p  ,  *  a  *  
k ~crop;q; k 
I2 . sect 
8 U 
where: 
a = centre-to-centre distance between crop support wires; 
/5Kt = section length; 
uv = minimum sag of crop support wires in loaded condition. 
8.7 Concentrated vertical loads 
The characteristic concentrated vertical load Fv; k that can occur at any place in the 
supporting structure, amounts to 1 kN. 
This load has to be taken into account especially when there are centre gutters be­
tween spans such as in film greenhouses and twin tunnel houses. This load equals the 
load caused by a person with tools etc. walking along the gutter. 
8.8 Wind loads 
Greenhouses and their structural members shall be designed to withstand an evenly 
distributed wind load. The most unfavourable combination of simultaneous wind loads 
pe shall be established as follows [8] [17]: 
p = C.  *  0 .  *  C„ .  *  p  *e l T 1 dim *• w 
pe = evenly distributed wind load; 
C, = combination of the following wind pressure coefficients: 
Cd for wind pressure according to clause 8.8.2; 
Cz for wind suction according clause 8.8.2; 
C|0c for local wind suction according to clause 8.8.3; 
C0 for internal excess pressure and/or underpressure according to clau­
se 8.8.4; 
Cw for frictional wind force according to clause 8.8.5. 
0! = dynamic magnification factor which, both for supporting structures of film-
covered greenhouses/tunnel houses etc. and for the film itself, amounts to 
1,0; 
Cdim = reduction factor in case of several connected spans, dependent on the size of 
the wind-exposed area, according to clause 8.8.7; 
pw = wind dynamic pressure, dependent on height/ief, according to 8.8.1. 
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Remark: 
The loads caused by wind pressure, wind suction, internal excess pressure and under­
pressure act perpendicularly on the plane considered. The load caused by frictional 
wind force acts parallel with the plane considered. 
8.8.1 Wind dynamic pressure 
The wind dynamic pressure values are specific for the location in the Netherlands 
(according to NEN 3859 this is wind speed area II in accordance with Appendix A of 
NEN 6702 [8]) and the situation (NEN 3859 assumes unbuilt land). Additional factors 
are the roughness length z0 and the air displacement altitude d (according to NEN 
3859, z0 = 0,2 m and c/ = 0 m). 
The wind dynamic pressure values in NEN 3859 are based on the extreme average 
wind speed per hour at an altitude of 10 m above ground level and a 15-year recur­
rence interval for the load effect. The maximum load effect occurs with winds from 
certain directions only. There are eight significant wind directions, of which only two 
are important for each greenhouse structural member. For greenhouses with a 15-year 
reference period this means a recurrence interval of 3,75 years for the extreme hourly 
average wind speed. For a 10-year reference period this is 2,5 years. According to [19], 
appendix B, the values for the maximum dynamic pressure may be reduced for devia­
ting reference periods (NEN 6702 [8] assumes a reference period of 50 years). Table 6 
gives the wind dynamic pressure values, dependent on height hei and the different re­
ference periods. hef is the distance from ground level to the average value of gutter 
height and highest point of the roof. To determine the wind dynamic pressure, effec­
tive height hef shall not be less than 0,75 times the distance from the highest point of 
the plane to ground level (see figures 3A - 3C). 
Figure 3A Determination of effective height he1 for 
pitched roofs 
ef 
Figure 3B Determination of effective height hef 
for straight-sided vaulted roof types 
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Figure 3C Determination of effective height hef 
for semi-circular greenhouses without 
straight sides 
Table 6 Wind dynamic pressures dependent on height he1 and reference period 
hef in m *) pw in N/m2 
reference 
period 
15 years 
reference 
period 
10 years 
0 , 5 - 2  366 343 
2,5 411 385 
3 450 421 
3,5 483 452 
4 512 480 
5 563 527 
6 605 567 
7 642 601 
8 674 631 
9 704 659 
10 730 684 
> 10 see NEN 6702, appendix A, 
table 10 
*) Intermediate values are to be obtained by linear interpolation. 
The wind dynamic pressure values stated in table 6 have been calculated in depend­
ence on the reference periods, using a reduction factor r, which equals 0,832 for a 
15-year period and 0,780 for a 10-year period. 
The wind dynamic pressure pw, which has been deducted from effective height hei, 
shall be observed for all wind-loaded planes. 
For vents in open position, the wind dynamic pressure may be reduced to 0,5 times the 
value obtained from table 6. 
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Remark: 
The dynamic pressure values stated in table 6 correspond with an hourly average wind 
speed of 20,464 m/s for the 15-year reference period and of 19,802 m/s for the 10-year 
reference period. This has been measured at an altitude of 10 m above ground level, 
with a gust factor of 1,7. For the two reference periods this corresponds with wind 
force 9 on the Beaufort scale. 
8.8.2 Wind pressure coefficients 
For the design calculations, the following wind directions shall be considered: 
A. parallel with the ridge; 
B. perpendicular to the ridge. 
Wind pressure coefficients for pitched roofs: 
The wind pressure coefficients for current greenhouse types with symmetrical pitched 
roofs are to be obtained from figures 4A, 4B and 6. These pressure coefficients apply 
to roof slopes between 20° and 30° with the effective height hei not exceeding 10 m. 
Wind pressure coefficients for symmetrical vaulted roofs. 
The wind pressure coefficients for current greenhouse types with symmetrical vaulted 
roofs are to be obtained from figures 5A, 5B, 8A, 8B, 9, 10A and 10B. 
Explanation: 
The wind pressure coefficients shown in figures 4A, 4B, 5, 6 and 7 have been taken 
from NEN 3859 [5]. These values are mainly based on research carried out by TNO 
Bouw [20]. 
Since 1983 the Silsoe Research Institute in Silsoe (UK) have been measuring wind pres­
sure coefficients at glasshouses as well as film greenhouses [3] and [15]. The combined 
results of the measurements at film tunnel houses and greenhouses are shown in figu­
res 8A, 8B, 9, 10A and 10B. In figure 8A the wind pressure coefficients are provided for 
the semi-circular cross-section (h/s = 0,5) of a single tunnel house at a wind direction 
perpendicular to the ridge. Here, like in figure 8B, the cross-section is subdivided into 
six sectors. Figure 8B gives the wind pressure coefficients for a flatter vaulted cross-
section (h/s = 0,35) of a single tunnel house at a wind direction perpendicular to the 
ridge. 
Figure 9 gives the wind pressure coefficients for a range of several vaulted spans at a 
wind direction perpendicular to the ridge. Here, the cross-section is subdivided into 15 
sectors. The wind pressure coefficients of the third span can also be applied to the in­
termediate spans in structures of more than four spans. 
Figures 10A and 10B give the wind pressure coefficients which act on the cross-section 
of both a single tunnel house and of a range of several vaulted spans at a wind direc­
tion parallel with the ridge. Also the wind pressure coefficients acting on the gable 
walls are indicated here. 
11 
~t> Cz=0.4 
Figure 4A Wind pressure coefficients Cd and Cz for greenhouses of a sym­
metrical pitched roof type at a wind direction perpendicular to 
the ridge, with pressure on the first roof area touched by the 
wind 
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Figure 4B Wind pressure coefficients Cd and C2 for greenhouses of a symmetrical 
pitched roof type at a wind direction perpendicular to the ridge, with 
suction on the first roof area touched by the wind 
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0.2  0 .5  
In all cases, this pattern of wind pressure 
coefficients Cd and Cz applies to the greenhou­
se part directly touched by the wind 
Multispan house (tunnel houses attached to each other) 
0.5 
Monospan house 
0.65 
A 0.55 A 
wind 
0.65 O •0.45 
L = intermediate space, width not 
exceeding 1 m 
2 monospan houses 
Figure 5A Wind pressure coefficients Cd and C2 for greenhouses of a symmetrical 
vaulted roof type at a wind direction perpendicular to the length of the 
house 
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0.6 
A 0-4 
r = fi 7 \jr\r\r nllo 
0.65 O ->0.3 
-fr -fr 
Range of monospan houses 
Figure 5B Wind pressure coefficients Cd and C2 for greenhouses of a symmetrical 
vaulted roof type at a wind direction perpendicular to the length of the 
house 
C = 0.4 H> C = 0.4 
p.s. 
'evenwijdig aan de noklijn' 
means 'parallel with the 
ridge' 
wind (evenwijdig aan de noklijn) 
C = 0.4 r — r\ A r — n A 
Cz= 0.4 < t~ -O C = 0.4 
wind (evenwijdig aan de noklijn) 
wind (evenwijdig aan de noklijn) 
Figure 6 Wind pressure coefficients C2 for greenhouses of a symmetrical pitched 
roof type at a wind direction parallel with the ridge 
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Note: For greenhouses with symmetrical vaulted roofs and for symmetrical vaulted 
tunnel houses, constant wind pressure coefficients Cz = 0,4 apply to the entire 
roof surface at a wind direction parallel with the ridge (also see figure 6). 
4 
4J 
l egenda :  
voor  he t  
dakv lak  
voor  de  
geve ls  
=  - 1 . 0  
= -2.0 
C =  +1 .0  o f  -1 .0  
x  =  langsgeve lhoog te  
p.s. 
'voor het dakvlak' means 'for the 
roof' 
'voor de gevels' means 'for the 
walls' 
'langsgevelhoogte' means 
'height of the side walls' 
kopgevels 
Figure 7 Local wind pressure coefficients Cloc for greenhouses of a symmetrical 
pitched roof type and of a symmetrical vaulted roof type 
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punt 1 
2 
3 
4  
5  
6 
7 
-e-
40 
50 e  
65 e  
100 e  
1  15 e  
180 e  
Figure 8A Wind pressure coefficients Cd and C2 for tunnel 
houses of a height/ width ratio h/s = 0,5 at a wind 
direction perpendicular to the length of the house 
p.s. 
'punt' means 'point' 
Figure 8B Wind pressure coefficients Cd and Cz for tunnel 
houses of a height/width ratio h/s = 0,35 at a 
wind direction perpendicular to the length of 
the house 
-©-
punt  1  
0 °  
, ,  2  40°  
, ,  3  50°  
, ,  4  65°  
, ,  5  100°  
, ,  6  115°  
, ,  7  goo t  
, ,  8  80°  
, ,  9  105°  
, ,  10  goo t  
, ,  1  1  80°  
, ,  12  105°  
, ,  13  goo t  
, ,  14  80°  
, ,  15  105°  
, ,  16  180°  
Figure 9 Wind pressure coefficients Cd and Cz for a multispan house of vaulted 
spans at a wind direction perpendicular to the length of the house 
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D 
Figure 10A Wind pressure coefficients Cd and Cz for vaulted tunnel houses 
at a wind direction parallel with the length of the house 
p.s. 
'rest van de ronding' means 'rest of the vaulted shape' 
'kopgevels' means 'gable walls' 
D 
-0,6 
-1 .3  
I I 
res t  van  
de  rond ing  —0,3  
kopqeve ls :  
C=  +0 ,6  
D= -0 ,3  
Figure 10B Wind pressure coefficients Cd and Cz for a multispan house of 
vaulted spans at a wind direction parallel with the length of the 
house 
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8.8.3 Local pressure coefficients 
As regards the local pressure coefficients the values for the hatched zones of figure 7 
shall be observed for the cladding and for those structural members which directly 
support the cladding. 
8.8.4 Internal excess pressure and underpressure 
In greenhouses an internal excess pressure and/or underpressure p0 of C0 * pw shall be 
taken into account. The internal underpressure and/or excess pressure values shall be 
combined with the wind pressure and wind suction, respectively, which act on the out­
side of the planes considered or parts thereof. Factor C0 can be obtained from table 7. 
The factors for internal excess pressure and underpressure depend on the degree of 
permeability of the cladding and of the wind direction [3] and [15]. 
Table 7 Factors C0 for internal excess pressure and underpressure for monospan tunnel 
houses and multispan houses with flexible cladding materials 
Wind direction Monospan tunnel houses Multispan houses 
vents / doors in 
gable walls 
vents / doors in 
gable walls + 
vents in side walls 
vents / doors in 
gable walls 
perpendicular to 
the ridge 
O
 I I
I Q = - 0,2 *) C0 = - 0,3 
parallel with the 
ridge 
co = + 0,1 <0
 
II O
 
O
 
Co = + 0,1 
*) -0,3 in case of roof ventilation 
8.8.5 Frictional wind force 
The frictional wind force along the roof and wall planes depends on the wind di­
rection. In a wind direction parallel with the ridge the pressure coefficient for fric­
tional wind force amounts to Cw = 0,01. 
In the direction perpendicular to the ridge there is no need to consider frictional wind 
force for the roof, as the horizontal effect of the wind in transverse direction has been 
included in the wind pressure coefficients. 
8.8.6 Pressure coefficients for vents in open condition 
The pressure coefficients for vents in open condition amount to Cd = 1,25 or Cz = 1,25. 
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8.8.7 Reduction factor dependent on the dimensions 
The reduction factor Cdlm for film greenhouses with connected spans (such as with film 
greenhouses of class B15) shall be found as follows: 
cdim = cdim; ± wind * cdim; II wind 
Qim;, wind = reduction factor for the total wind load on the structural 
member to be considered with a view to cooperation with 
adjacent structural members perpendicular to the wind 
direction, according to table 8. 
Cdim;/wind = reduction factor for the total wind load on the structural 
member to be considered with a view to the effect of distance 
parallel with the wind direction, according to table 9. 
Table 8 Reduction factors Cdim wjnd depending on width bdimfor planes perpendicular 
to the wind direction 
fcdim in m *) ^dinx^wlnd 
< 5 1,00 
10 0,96 
20 0,94 
30 0,92 
50 0,90 
75 0,87 
100 0,85 
150 0,82 
s 200 0,80 
bdim = average dimension in the direction 
perpendicular to the wind (to calcu­
late the structure) 
*) Intermediate values are to be achieved by linear interpolation. 
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Table 9 Reduction factors Cdirn/Wind depending on length ldim for planes parallel with 
the wind direction 
/dim in m *) ^dim;/wind 
s 5 1,00 
10 0,95 
20 0,93 
30 0,91 
50 0,89 
75 0,88 
100 0,87 
150 0,86 
s 200 0,85 
/dlm = average dimension in the direction 
parallel with the wind (to calculate 
the structure) 
*) Intermediate values are to be achieved by linear interpolation. 
Reduction factors Cdim;iWind and Cdjm/Wind shall only be considered for film greenhouses 
of at least three connected spans. 
8.8.8 Transmission of wind loads from film to structure 
Rigid cladding materials on greenhouses are fastened to the structure at regular inter­
vals. Consequently, the wind loads on the cladding can be transmitted directly to the 
supporting structure. This is totally different for a tunnel house with a film cladding, 
because the film is often stretched loose on the arches and other structural members. 
In many cases, the film is fastened to the structure only at the base. The transmission 
of loads becomes different now, because the large suction force of the wind tends to 
uplift the film from the structure, especially at the highest point of the structure, so 
that no load transmission occurs there. Figure 11 gives an impression of the real load 
on the flexible film cladding in case of wind suction on a tunnel house with a vaulted 
cross-section. 
Figure 11 The real load exerted on the flexible 
film cladding in case of wind suction 
on a tunnel house 
37 
This will increase the tension in the film and, furthermore, cause a transverse load on 
the arches at the contact points between film and arches. The tensile forces on the 
foundation originating from the stretched film will increase. 
A possible strategy for the calculation of the transmission of forces from the film to 
the supporting arches could be the method as described below, the steps of which are 
illustrated with figures 12A to 12G to be used as examples for calculations: 
Step 1 : Determine the load on the cladding film due to e.g. wind (according to 8.8) 
per section length (see figure 12A). 
Step 2: Determine the load on the supporting arch due to the prestressing force in 
the film (see figure 12B), by using the following equation: 
N 
where: 
q = radial load on the arch due to prestress (kN/m) 
N = normal force of the film (kN) 
R = radius of the arch (m) 
Step 3: Find the sum of the two loads (see figure 12C). 
Step 4: If step 3 results in a pressure force on all spots of the arch, the transmission of 
forces via the film to the arch is identical with the total of loads according to 
step 3. 
Step 5: If step 3 results in suction on the arch, it is assumed that the film has come 
loose from the arch in the very area where suction occurs (see figure 12D). 
Step 6: By means of the equilibrium of forces, determine the normal force in the film 
for the part of the arch which does support the film (see figure 12E). 
Step 7: Determine the load on the supporting arch due to the film force. 
Step 8: Find the total of the external load (step 1) with the load due to the film force 
(step 7) (see figure 12F). 
Step 9: Compare the result of step 8 with the result of a previous iteration step or 
with step 5. In case of differences, repeat steps 6 to 9 in order to sufficiently 
accurately determine the length of the part that has come loose. 
StepIO: Combine the loads on the supporting arch. Where the total loads according to 
step 8 result in a pressure force, the arch will experience load due to the film 
prestressing force. Where the total load results in a tensile force, there will be 
no load on the arch due to the film prestressing force (see figure 12G). 
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100 
Figure 12A Loads on the film cladding caused by the 
external load (numerical example) 
60 
Figure 12B Loads on the supporting arch caused by the 
prestressing force (numerical example) 
Figure 12C Total of loads as represented in figures 12A 
and 12 B 
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los liggend deel 
Figure 12D The film has come loose from the 
supporting structure in areas where 
the total results in suction 
p.s. 
'los liggende deel van de folie' 
means 'part of the film that has 
come loose' 
N 
O 
40 
30 
Figure 12E Determination of the normal 
force in the film on the basis of 
the load balance in the part of 
the film that has come loose 
from the supporting structure 
q-90 
1 00 + q I J a )—J 
Figure 12F Total of loads as found in the pre­
vious steps 
Figure 12G Resultant loads on the supporting 
arch 
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9 Design values for material properties 
The design values for material properties shall be taken from Dutch standards NEN 
6710, chapter 9 (for aluminium structures) [9], NEN 6760, chapter 9 (for timber struc­
tures) [11], NEN 6770, chapter 9 (for steel structures) [12], and NEN 6720, chapter 6 
(for concrete structures) [10]. 
9.1 Material properties of plastic films 
Generally, the plastic films used as greenhouse cladding material have a shorter wor­
king life than the supporting structural members. When calculating the film strength, 
a load shall be taken which corresponds with the reference period of the structure, 
being 10 or 15 years, to bring about the same degree of reliability for structure and 
cladding. With a view to the ageing of films the values representing the material 
strength shall be: the average tensile strength and/or yield point throughout the wor­
king life of the film (the average of the characteristic lower limit with a 5-% chance of 
being less). The film cladding shall be able to absorb the loads experienced and to 
transmit the same to the structure and the foundation throughout its working life (see 
also chapter 10). 
For the determination of the material properties of plastic films, such as tensile 
strength and yield point, reference is made to DIN 53455 [23]. For the permissible 
thickness tolerances, reference is made to the "GKV Prüf- und Bewertungsklausel für 
Polyethylen-Folien (LDPE) und Erzeugnisse daraus" [24]. 
Table 10 gives major material properties of five plastic films which are suitable to be 
used as greenhouse cladding materials. 
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Table 10 Material properties of some films which are suitable as greenhouse 
cladding materials 
Properties PE film. EVA film. Terpoly- PVDF film. EVA film 
thickness thickness merfilm, thickness with IR & 
180 |jm 180 pm thickness 130 pm anti-con­
200 pm densation. 
thickness 
200 pm 
Tensile 
strength at 
break (N/mm2) 
longitudinal 22 25 27 60 21,6 
direction 1) 
transverse 20 26 28 38 19,5 
direction 2) 
Elongation at 
break (%) 
longitudinal 500 600 550 420 623 
direction 
transverse 520 600 650 250 429 
direction 
Creep at 4 MPa 
(%) 
longitudinal 11 16 14 1 
direction 
transverse 12 19 17 1 
direction 
') "Longitudinal direction" of the film indicates the machine direction during ex­
trusion. 
2) "Transverse direction" of the film indicates the direction perpendicular to the 
machine direction during extrusion. 
To facilitate identification of the film used for greenhouse cladding, the following in­
formation shall be provided non-erasably on the film: 
film type, manufacturer or supplier, thickness, brand name and the sell-by date 
expressed by month and year (applied by film manufacturer or supplier); 
brand name (or name of supplier) and date of delivery expressed by month 
and year (applied by film supplier). 
The sell-by date for the product is meant to be the date of at most two years after the 
production date of the film. 
For the current plastic films, the film supplier grants a UV guarantee of four years, to 
start from the date of delivery and valid for the climate conditions in the Netherlands. 
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9.2 Soil type parameters relevant for the foundation 
It is recommended for calculations of strength and deformation of foundations to ob­
serve the parameters of table 11 for three soil types (clay, sand and a sandy clay mixtu­
re). 
Generally, prefab concrete socles or steel tubes cast in concrete blocks are used as 
foundations for film greenhouses and tunnel houses. The dimensions of such concrete 
blocks depend on a number of parameters, such as greenhouse height, rafter span, 
number of connected spans, number of stability bracings and soil type. 
Table 11 Minimum values for soil type parameters (in serviceability limit state, y 
= 1,0) 
Specific 
volume YS 
(in kgf/m3) 
Angle of 
internal 
friction <}> 
Cohésion C 
(in N/m2) 
Permissible 
soil pressure 
tension 
(in kN/m2) 
Clay 1500 
o O 
PM 
I 4000 
70 
(0,7 kgf/cm2) 
Sand 1800 
0 O 
m
 0 
Sand and 
clay 
mixture 
1500 
O O 
fM 
0 
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10 Rules for calculation of stretched 
films 
Plastic film used as a cladding material for tunnel houses and greenhouses shall with­
stand the normal forces occurring in the plane of the film, in the directions both paral­
lel with the arches and perpendicular to the arches. The normal force in the direction 
of the arches n,sd shall at least correspond with the value of the prestressing force. If 
the normal force in the plastic film according to clause 8.8.8 exceeds the prestressing 
force, the largest of the two shall be taken into account. The maximum value of the 
normal force perpendicular to the arches follows from the evenly distributed load on 
the film and the prestressing of the film in the same direction. This is expressed in the 
equations: 
n , = ,/n " 2 + v j_;s;a y i;prestr. < q ; d  
and 
qs:d 1 _ ^-  ; d 
q;d 
where: 
qs.d 
I 
evenly distributed load acting perpendicularly to the plastic film; 
distance between arches. 
The normal force occurring shall be compared with the strength properties of the plas­
tic film. When the strength properties are determined, it is necessary to consider the 
long-term behaviour of the film as regards ageing, creep and elongation. The forces 
caused by prestressing are long-term loads, whereas wind loads are short-term loads. 
The ageing will affect the behaviour in both the short and the long term. 
This analysis shall be based on the load that goes with the reference period of the 
greenhouse structure (10 or 15 years) (see also clause 9.1). It shall be proven that the 
plastic film can absorb this load, the criterion for film strength being assumed the ave­
rage film strength over the estimated working life of the film. In that case, the clad­
ding shall have the same strength performance as the greenhouse structure. 
Plastic films, which are used for cladding, shall comply with the following require­
ments: 
G, a < 1.0 
where: 
Jfp.fSd 
Jfp. x .Sd 
f fp./'.Rd 
Mp.i.Rd 
design value of the (average) tensile strength of the plastic film in 
longitudinal direction 
design value of the (average) tensile strength of the plastic film in 
transverse direction 
design value of the (average) yield point of the plastic film in longi­
tudinal direction applicable to the design working life of the film 
design value of the (average) yield point of the plastic film in trans­
verse direction applicable to the design working life of the film 
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11 Deformations, displacements and 
dimensional deviations 
11.1 Permissible horizontal and vertical displacements 
T h e  d i s p l a c e m e n t ,  b o t h  h o r i z o n t a l  a n d  v e r t i c a l ,  o f  t h e  f o u n d a t i o n  a t  t h e  l e v e l  w h e r e  
the supporting structure is mounted, shall not exceed 5 mm. 
The horizontal displacement of the greenhouse at gutter level (with gutterless green­
houses this is approx. 3 m above ground level) shall not exceed: 
uh < uh;wal, (in film greenhouses it is not necessary to apply the limit value of the 
additional greenhouse horizontal displacement at gutter level due to 
angular displacement of the roof Auh;roof), 
with a maximum of 80 mm. 
uh;wa,i = the limit value of the horizontal displacement of the wall at gutter 
level perpendicular to the wall. 
uh_waii < h / 50 (it is not necessary to apply the reduction factor dependent on the 
width of the glass in the wall, denoted rwaM, as given in NEN 3859). 
h = greenhouse stanchion height 
11.2 Permissible deformations of greenhouse structural members 
The deformation, both in sag and camber, of greenhouse gutters, roof purlins and 
ridge profiles shall not exceed: 
uv < /S6Ct / 250 (it is not necessary to apply the factor for the number of panes moun­
ted side by side in a section, denoted n„ as given in NEN 3859), 
with a maximum of 18 mm. 
The deformation, both in sag and camber, of the rafters shall not exceed: 
Uv ^ 'rafter / 250, 
with a maximum of 32 mm. 
If a flexible cladding material (such as a plastic film) is used for both the roof and the 
walls, no requirements apply as regards the deformation of wall-supporting elements, 
such as stanchions and wall purlins, nor as regards the deformation of beam girders of 
flexible cladding materials. 
11.3 Permissible dimensional deviations 
To the maximum variations in foundation dimensions, or rather the accuracy of posi­
tions of the fastening points for the supporting structure, the values of table 12 shall 
apply. 
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Table 12 Permissible dimensional deviations for the positions of fastening points 
for the stanchions of the structure 
Dimensions Permissible dimensional 
deviation 
Distance between stan­
chions in transverse and 
lonqitudinal directions 
10 mm 
total lenqth /h„„„ A™«/3000 
total width bhmKO bhmnp / 3000 
height 50% of the slope per section 
length, though not excee­
ding 15 mm 
The skewness of stanchions shall not exceed 1/200, with a maximum of 20 mm, with I 
being the length of the stanchions measured between foundation and gutter. 
The skewness of foundation piles cast in concrete blocks shall not exceed 1/50, with a 
maximum of 20 mm, with I being the length of the foundation pile. 
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Symbols and names of units 
a centre-to-centre distance between crop support wires 
bdim average dimension in the direction perpendicular to the wind (to calculate 
the structure, bdim = total greenhouse width) 
C cohesion of the soil in the calculation of the foundation 
Ci shape coefficient, dependent on roof shape 
Cd pressure coefficient for wind pressure, according to clause 8.8.2 
Cdim reduction factor with several connected spans, dependent on the size of 
wind-exposed area, according to clause 8.8.7 
Qmuwind reduction factor for the total wind load on the structural member considered 
with a view to cooperation with adjacent structural members perpendicular 
to the wind direction, according to table 8 
Qim,/wind reduction factor for the total wind load on the structural member considered 
with a view to the effect of distance parallel with the wind direction, accor­
ding to table 9 
C,oc pressure coefficient for local wind suction, according to clause 8.8.3 
C0 pressure coefficient for internal excess pressure and/or underpressure, accor­
ding to clause 8.8.4 
Cw pressure coefficient for frictional wind force, according to clause 8.8.5 
Cz pressure coefficient for wind suction, according to clause 8.8.2 
CT temperature coefficient for snow loads, dependent on the insulating value 
of roofing material / structure 
Dp diameter of foundation block 
d air displacement altitude for the determination of the wind dynamic pres­
sure 
Fk characteristic force 
Fv;k characteristic concentrated vertical loads 
ffp lRd design value of (average) yield point of plastic film in longitudinal direction 
applicable to the design working life of the film 
ffPRd design value of (average) yield point of plastic film in transverse direction ap­
plicable to the design working life of the film 
Wp height of foundation block 
h greenhouse stanchion height 
hei distance from ground level to average roof plane height (see figures 3A - 3C) 
/dim average dimension in the direction parallel with the wind (to calculate the 
structure, /dim = total greenhouse length) 
/sect section length 
ni;s;d normal force occurring in the film 
nx;prestr prestressing force in the film 
pe evenly distributed wind load 
Pwght;q.k characteristic variable crop loads 
pin;g;k characteristic permanently present installation loads 
p0 evenly distributed internal excess pressure and/or underpressure due to wind 
loads 
pt;rep snow load on the roof 
Psmrep snow load on the ground 
psn q k characteristic variable snow load 
pw wind dynamic pressure, dependent on height he1, according to clause 8.8.1 
t reference period to be used to determine the reduction factor for the evenly 
distributed load, expressed in years 
uh horizontal displacement of the greenhouse at gutter level. 
uh;waN limit value of horizontal displacement of the wall at gutter level perpendicu­
lar to the wall 
uv minimum sag of crop support wires in loaded condition 
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vq;d evenly distributed load on the film 
z0 roughness length used to determine the wind dynamic pressure 
a roof slope, expressed in degrees 
Y,;w load factor for wind loads 
Y, load factor for other loads 
Y,;R load factor with reducing effect 
YS specific volume used for calculating the foundation 
°fp «d design value of (average) tensile strength of plastic film in longitudinal di­
rection 
afp i Sd design value of (average) tensile strength of plastic film in transverse direc­
tion 
0, dynamic magnification factor which, for film claddings, equals 1,0 
(p angle of internal friction used for calculating the foundation 
ipx reduction factor for the extreme value of the evenly distributed variable 
load, which depends on the reference period 
V factor to determine the momentary loads (for roofs, tp=0, according to NEN 
6702, clause 8.2.5 [8]) 
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Appendix 
Formulation of design criteria in practical 
recommendations 
1 Foundation design 
The building of foundations of adequate weight and strength is more important with 
film greenhouses, tunnel houses or shading structures than it is with glasshouses. Wind 
suction is compensated for only to a very limited extent by the self-weight of the 
greenhouse. The self-weight of a glasshouse with its structure is assumed to be 
150 N/m2, whereas for a film greenhouse this is approx. 30 N/m2. The resultant uplift in 
film greenhouses is larger than in glasshouses of comparable shape and size. In most 
instances, film tunnel houses lack a separate rainwater discharge. Especially after a 
spell of rain, the soil immediately adjacent to a tunnel house tends to be waterlogged, 
which causes an unfavourable effect on the absorbable tensile force of, e.g., ground 
anchors. 
The structure as such shall be able to transmit the wind and other forces to the soil via 
the foundation without considering the film. 
For shadehouses and rain shelters (fruit shelters) etc. it is possible to use screw anchors 
for the interior stanchions which have to withstand vertical reaction forces only. It 
shall be proved that the forces which the structure exerts on these screw anchors, can 
be absorbed by the soil. A screw anchor can only absorb normal forces. When determi­
ning the forces which the screw anchors can absorb, it has to be assumed that the up­
per layer of disturbed soil (to a depth of 0,4 m below ground level) is not considered in 
the calculations (the blades of such screw anchors shall be placed at an adequate 
depth below this disturbed soil layer). Where horizontal forces have to be transmitted, 
such as at the walls and at stanchions to which stability bracings are connected, these 
simple structures shall also be provided with in-situ (or prefab) concrete foundations or 
pile foundations. The values of table 13 can be observed as examples for structures, 
unless experiments show that it is acceptable to use different values. As an alternative 
to this the greenhouse builder can demonstrate (in an adequate number of repetiti­
ons) that screw anchors can adequately absorb the tensile force, while applying a safe­
ty factor of at least y = 1,45. 
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Table 13 Pull-out forces of screw anchors with different blade diameters and in 
different soil types (taken from a table in a French publication) 
Blade Depth of Soil A: Soil B: Soil C: Soil D: Soil E: 
diameter blade heavy. gravel stable soft clay, sandy soil 
(in mm) below sticky clay mixed sand marl, clayey with poor 
ground with sand; mixed loess cohesion 
level medium with (fine­
(in m) grain size gravel grained) 
150 0,7 10,8 kN 9,3 kN 6,7 kN 5,9 kN 4,4 kN 
1 16,7 kN 14,2 kN 10,8 kN 8,6 kN 7 kN 
1,5 29,4 kN 27,5 kN 23,5 kN 17,7 kN 11,8 kN 
200 0,7 15,7 kN 14,2 kN 10,8 kN 8,8 kN 6,7 kN 
1 24,5 kN 21,6 kN 16,7 kN 12,7 kN 10,8 kN 
1,5 44,2 kN 39,2 kN 35,3 kN 26,5 kN 17,7 kN 
The values of table 13 are the average pull-out forces as measured. Because there are 
considerable variations in experiments, a safety factor of y = 1.45 shall be applied in 
strength and deformation calculations. 
With a view to the larger vertical reaction forces/uplifts exerted on the foundation (if 
compared with glasshouses) it will be necessary to use in-situ concrete foundations, 
prefab concrete foundations or foundations on (often soft-wood) piles for film tunnel 
houses and film greenhouses. The wood piles are used in peaty soils, with friction piles 
being driven by hammer or vibration. The connection between piles and structure shall 
allow for tensile and pressure forces to be transmitted. 
Doorposts in gable walls shall also generally be cast in concrete. 
If no accurate calculation is made, when applying a traditional foundation with prefab 
concrete socles and in-situ concrete blocks, the dimensions for concrete blocks for film 
greenhouses with e.g. a trellis girder of 6,4 m, 8 m and 9,6 m long may be found using 
table 14 (for at least three connected spans) or table 15 (for at least six connected 
spans). The data of these tables are taken from the TNO Bouw "Casta Kassenbouw" 
software [21]. 
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hoogte 
diameter 
hoogte boven maaiveld 
> 250mm en < 350mm 
geroerde grond 
ca. 400mm 
inklemming 
> 200mm 
stellaag >80mm 
height above ground level 
ï250 mm and s350 mm 
ground level 
disturbed soil approx. 
400 mm 
height Hp restraint 
2 200 mm 
layer for adjustment 
2 80 mm 
bovenaanzicht top view 
Figure 13 Example of a foundation consisting of a prefab concrete socle cast in a 
concrete block 
Table 14 Required dimensions for concrete blocks for film greenhouse foundations 
(trellis girder type) with a maximum greenhouse length of 50 m and at 
least three connected spans, while distinguishing between centre socles 
and socles supporting stability bracings (see figure 13) 
Rafter span 
(in m) 
Section 
length 
(in m) 
Centre socle Stability bracing socle *) 
block 
dia­
meter 
Dp 
(in m) 
block 
height 
Hp 
(in m) 
concrete 
mortar 
required 
(in I) 
block 
dia­
meter 
Dp 
(in m) 
block 
height 
Hp 
(in m) 
concrete 
mortar 
required 
(in I) 
6,4 4 0,4 0,6 70 0,4 0,75 90 
6,4 4,5 0,4 0,65 75 0,4 0,8 95 
8 4 0,5 0,65 95 0,5 0,7 130 
8 4,5 0,5 0,6 105 0,5 0,75 140 
9,6 4 0,5 0,6 105 0,5 0,8 150 
9,6 4,5 0,5 0,65 120 0,5 0,85 160 
The dimensions as required for the concrete blocks for socles supporting stability 
bracings are identical for both three and six connected spans (tables 14 and 15), 
as these depend on greenhouse length only. 
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Table 15 Required dimensions for concrete blocks for centre socles of film 
greenhouses (trellis girder type) with a maximum greenhouse length of 
50 m and at least six connected spans (see figure 13) 
Rafter 
span 
(in m) 
Section 
length 
(in m) 
Centre socle 
block 
dia­
meter 
DP 
(in m) 
block 
height 
Hp 
(in m) 
concrete 
mortar 
required 
(in I) 
6,4 4 0,4 0,5 60 
6,4 4,5 0,4 0,6 70 
8 4 0,5 0,5 90 
8 4,5 0,5 0,55 95 
9,6 4 0,5 0,55 95 
9,6 4,5 0,5 0,65 120 
2 Supporting structure design 
* To prevent the buckling of horizontal tie rods in film tunnel houses and of trellis 
girders in film greenhouses exposed to a wind load perpendicular to the ridge, 
these structural members shall be dimensioned adequately and / or these tie 
rods and the top flanges of trellis girders shall be interconnected throughout 
the length of the tunnel house or greenhouse by means of interconnecting tu­
bes or wires (see figure 14). If wires are used for interconnection, these shall be 
provided with diagonal bracing in the horizontal plane at both gable walls. 
* Connections of intersecting tubes may be made by means of bolt connections 
through both tubes or by means of clamped connections, provided these con­
nections are locked by bolts or screws. Clamped connections may be made with­
out locking, provided it has been proven that the connection is strong enough 
to transmit the maximum forces occurring without major deformations. 
* With bolt connections, not only the minimally required dimensions of the bolt 
shall be considered, but also the place for the bolt hole (sufficient pitch behind 
the bolt, e.g. 2,5 times the bolt diameter). As a matter of fact, clamping material 
shall be of adequate thickness. 
* To be able to consider a concentrated nodal point when making diagrams of 
connections for strength calculations, attention shall be paid that connecting 
rods are fastened fairly close to each other (to avoid eccentricity in the connec­
tion), for instance in such a way that the distance between the composing rods 
of a connection does not exceed 0,1 m. 
* Inflated two or three-layer films can considerably contribute to the strength of 
the cladding of a film greenhouse if compared with a single-skin film. 
* In film greenhouses and film tunnel houses up to a length of 50 m stability bra­
cings (X-braces) shall be mounted in at least two sections between the rafters 
(arches) and interconnected throughout the width, to provide adequate stability 
to the greenhouse in longitudinal direction. For greenhouse lengths exceeding 
50 m it shall be demonstrated that the structure has adequate rigidity in its 
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longitudinal direction. The bracings shall apply at junctions of the arch rafters 
with purlin tubes etc. 
* The arches shall be adequately dimensioned, one of the reasons for this being 
the need to be able to absorb the wind load perpendicular to the greenhouse 
ridge without damage being caused. This may also be achieved by stiffening the 
arch rafters in the plane with bracings (e.g. as indicated in figure 15 with V-bra-
cings and batten-to-stanchion bracings). 
Names of structural members: 
1. arch (hoop) 8. roof bracing 
2. tie rod 9. side wall bracing 
3. suspension stay 10. ridge tube 
4. gable wall member (doorhead) 11. purlin tube 
5. suspension stay 12. foundation tube 
6. gable wall bracing 13. interconnecting tube 
7. gable wall bracing 14. foundation 
Figure 14 Example of the structure of a film tunnel house with bracings etc. 
Figure 15 Option to stiffen the arch rafters with cross bra­
cings 
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3 Cladding design 
Before plastic film or shading material is mounted on the structure and stretched, se­
veral precautions shall be taken: 
* The plane which will touch the film shall be free from sharp projections, burrs, 
projecting screws etc. which might damage and destroy the cladding material. 
Such imperfections shall be removed before the film is mounted or, if this should 
not be possible, taped or otherwise duly covered. This is especially important 
where film is subject to recurrent movements over e.g. arches (such as in case of 
a movable roof film). 
Recommendation: 
Apart from this, it has appeared that taping the entire arches with adequately durable 
foam tape can considerably extend the working life of the film, which is also explained 
by the fact that in summer it prevents direct contact between the film and the hot tu­
bes of the supporting structure so that there will be no accelerated ageing of the film 
on the supporting tubes. 
* To reduce surface irregularities in the arches where they support the film, the 
welds in welded tubes shall be on the inside of the arches. 
* The plastic film or shading material shall be firmly stretched to prevent the oc­
currence of creases and crinkles and the flapping of film due to wind. 
* It is recommended that the edges of the film or shading material be uninterrup­
tedly connected over the full length and width to the structure by means of 
clamps or similar devices or loaded over the full length with sufficient sand (with 
tunnel houses, bury the film along side walls). 
* Chemical substances in or in the neighbourhood of a film greenhouse may be 
corrosive, for instance sulphur. 
* If the outside temperature is lower than 10 °C during the mounting and stret­
ching of films, it shall be anticipated that it will be necessary to post-tension the 
film once the outside temperature has become sufficiently higher. Films should 
not be mounted at temperatures lower than 4 °C. 
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